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Abstract
Introduction and Objective: To evaluate the shear bond strength 
of brackets fixed with different materials (two light-cured nanofilled 
low-viscosity resins – Transbond Supreme LV and Flow Tain LV and 
two light-cured traditional resins – Transbond XT and Transbond 
Plus Color Change) after 10 min and 24 h, and to evaluate the 
type of failure. Material and methods: Eighty bovine incisors were 
selected and randomly divided into groups (n = 10) according to the 
material and fixation period. The brackets were bonded following the 
manufacturer's instructions and stored in deionized water at 37oC for 
10 min or 24 h. After, the specimens were submitted to shear bond 
strength test at 0.5 mm/min and evaluated for adhesive remnant 
index (ARI). The data were submitted to Kruskal Wallis and Wilcoxon 
tests (p < 0.05) and the ARI scores to Chi-Square test. Results: 
There was a significant difference among the materials (p < 0.05) 
(after 10 min – Transbond XT > Transbond Plus Color Change > 
Transbond Supreme LV = Flow Tain LV and after 24 h – Transbond 
XT > Transbond Plus Color Change = Transbond Supreme LV = 
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Flow Tain LV). There was no significant difference 
in resistance values between 10 min and 24 h, 
except for Transbond Plus Color Change. Most 
groups showed adhesive remaining adhered to the 
enamel (scores 2 and 3) without statistical significant 
difference (p > 0.05). Conclusion: The light-cured 
traditional resins showed higher resistance than the 
nanofilled materials. The period of fixation had no 
influence on the resistance for different materials, 
except for Transbond Plus Color Change.
Introduction
The success of the orthodontic treatment, 
among other factors, is greatly influence by accurate 
bracket positioning and long-term retention of these 
accessories [3]. Failures during bracket bonding 
can disrupt and delay the treatment, increase the 
cost, and hinder a correct finalization of the case. 
Frequent bracket rebonding can also cause damage 
to the enamel structure [28].
The use of light-cure resins in bracket bonding 
can be considered a standard clinical practice [24]. 
Advances in the bonding materials had occurred 
over the years, especially in their composition, 
aiming to share the efficient adhesion to the 
individual needs of the orthodontic patients. Several 
materials are available for bracket bonding, such 
as resin-modified glass-ionomers, resin composites, 
orthodontic adhesives, flowable resins and more 
recently introduced nanofilled materials [1, 11, 
13, 18, 27]. 
The nanotechnology significantly contributed to 
the biomedical field, allowing the development of 
materials and structures with much reduced size: 0.1 
to 100 nanometers. In Dentistry, the nanofilled resin 
composites show improved physical and mechanical 
properties, with higher fracture resistance and bond 
strength to enamel [2, 5, 15, 17, 27].
Many clinicians have been applied flowable 
resins in Orthodontics [1, 19, 24]. These resins 
have some advantages such as no stickiness and 
fluid injectability [9], because of their characteristics 
such as reduced filler content, increased diluents 
monomers or altered rheology. However, these 
characteristics may reduce the mechanical properties 
of these materials [23]. There are still few studies 
available that evaluate the bonding properties of 
these materials, [1, 13, 24, 26] with contradictory 
reports on the shear bond strength [9, 19, 26].
Combining the advantages of a flowable resin 
and the nanotechnology, a nanofilled low-viscosity 
light-cured adhesive was introduced by 3M Unitek, 
Transbond Supreme LV. The adhesive contains a 
dimethacrylate polymer that modifies the rheology, 
allowing the material to flow under pressure, yet 
hold its shape after placement until light cured [6]. 
This characteristic is beneficial since the material 
will not slump, run, or drift from the bracket 
base prior to placement in the patient’s mouth. 
Also, this material is a nanofilled resin that shows 
a reduction on filler size and increase on filler 
content (nanoclusters), allowing better mechanical 
properties [17]. However, little is known about the 
bonding characteristics of this material.
Another important factor is the post-fixation 
time that can influence the brackets bond strength 
and is important for the installation of the arches 
or accessories in the oral cavity. Thus, the aim of 
the present study was to evaluate the shear bond 
strength (SBS) of brackets fixed with different 
materials (two light-cured nanofilled low viscosity 
resins – Transbond Supreme LV and Flow Tain LV 
and two light-cured traditional resins – Transbond 
XT (control) and Transbond Plus Color Change) after 
10 minutes and 24 hours. The hypothesis of this 
study was that there will be no difference in the 
SBS values among the nanofilled and traditional 
resins and there will be no influence of post-fixation 
time on SBS.    
Material and methods
A total of 80 sound-extracted bovine incisors 
were stored in a 0.5 Chloramine T solution at 
4oC for a maximum of 1 month after extraction. 
Teeth were randomly assigned into 8 groups (n 
= 10) according to the material (Transbond XT 
– 3M/Unitek, Transbond Plus Color Change – 3M/
Unitek,  Transbond Supreme LV – 3M/Unitek and 
Flow Tain LV – Relience) and the post-fixation time 
(10 minutes or 24 hours).
The roots of the teeth were cut and discarded 
and the fragments of the middle third of the 
crowns were cut. The fragments were flattened 
and embedded into PVC tubes (Tigre S.A. Tubos 
e Conexões, Castro, PR, Brazil) using acrylic resin 
(Vipi Flash, Pirassununga, SP, Brazil).
For the bonding technique, the buccal enamel 
surface of each fragment was cleaned with fluoride-
free pumice slurry, etched with 37% phosphoric 
acid gel (Etch-37, Bisco, Schaumburg, Ill) for 30 
seconds, rinsed for 15 seconds, and dried with oil-
free and moisture-free air for 20 seconds until the 
enamel had a faintly white appearance. After, the 
different materials (Transbond XT, Transbond Plus 
Color Change, Transbond Supreme LV and Flow 
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Tain LV) were applied following the manufacturer’s 
instructions on the mesh pad of individual metallic 
brackets (Mini Dyna-Lock “Roth” .022 - 3M/Unitek, 
Monrovia, CA, USA) that were positioned on the 
enamel surface of the specimens and pressed 
firmly with a Hollenback carver to expel the excess 
adhesive. Each bracket was subjected to a 300-g 
compressive force using a force gauge (Correx Co, 
Berne, Switzerland) for 10 seconds, after which 
excess bonding resin was removed using a sharp 
scaler. Each specimen was was light-cured for 20 
seconds from the occlusal edge and 20 seconds 
from the gingival bracket edge, with a light-curing 
unit (XL300, 3M/Unitek, Dental Products), with a 
light intensity of 1000 mW/cm2 measured with a 
built-in radiometer, which was calibrated every 10 
minutes to ensure consistent light intensity.
The specimens were then immersed in deionized 
water and maintained in a oven at 37oC during 10 
minutes or 24 hours, and the a shear bond strength 
(SBS) test was performed. 
The shear bond strength test was conducted in 
a universal testing machine (Model 4411, Instron 
Corp, Canton, Mass., USA). A mounting jig was 
used to align the bracket-composite-enamel interface 
parallel to the testing devise. A chisel-edge plunger 
was applied the shear load at a crosshead speed 
of 0.5 mm/min until failure. Bond strength values 
were calculated in MPa. After debonding, each 
specimen was examined under a stereomicroscope 
(Olimpus SZX9, São Paulo, SP, Brazil) to identify the 
location of the bond failure. The residual composite 
remaining on the premolar was assessed by using 
the adhesive remnant index (ARI), where each 
specimen was scored according to the amount of 
material remaining on the enamel surface as follows: 
0 – no adhesive remaining, 1 – less than 50% of 
the adhesive remaining, 2 – more than 50% of the 
adhesive remaining, and 3 – all adhesive remaining 
with a distinct impression of the bracket base.
SBS data were submitted to Kruskal Wallis and 
Wilcoxon tests (p < 0.05). The ARI was analyzed 
for percentage and frequency of fracture type and 
submitted to Chi-Square test. Significance for all 
statistical tests was predetermined at p > 0.05. All 
of the statistical analyses were performed using 
BioEstat 5.0.
Results
Shear Bond Strengths
Mean bond strengths and standard deviations for 
each group are given in table I. Data were analyzed 
using Kruskal Wallis test (for comparisons among 
the materials in each period) and Wilcoxon test (for 
comparisons between 10 min and 24 hours for each 
material) (p < 0.05). There was a statistical significant 
difference among the materials at 10 min and 24 
hours (p < 0.05). At 10 minutes, Transbond XT > 
Transbond Plus Color Change > Transbond Supreme 
LV = Flow Tain LV. At 24 hours, Transbond XT > 
Transbond Plus Color Change = Transbond Supreme 
LV = Flow Tain LV. The light-cured traditional 
materials (Transbond XT and Transbond Plus Color 
Change) showed the highest values compared with 
the nanofilled materials (Transbond Supreme LV 
and Flow Tain LV).
There was no statistical significant difference 
between 10 minutes and 24 hours except for 
Transbond Plus Color Change.
Table I – Mean (MPa) and standard deviation of shear bond strength (SBS) at 10 minutes and 24 hours for the 
different materials
Material SBS at 10 minutes SBS at 24 hours
Transbond XT 14.12 (4.53) Aa 10.20 (3.54) Aa
Transbond Plus Color Change 10.01 (3.12) Ba 5.82 (1.20) Bb
Transbond Supreme LV 5.46 (1.47) Ca 5.85 (1.06) Ba
Flow Tain LV  4.70 (1.40) Ca 6.02 (2.65) Ba
Different capital letters in columns (Kruskal Wallis test) and small letter in rows (Wilcoxon test) indicate statistical significant 
difference (p < 0.05)
Adhesive Remnant Index
The distribution of failure modes, as expressed by ARI scores (%), is given in figure 1. According 
to statistical analysis (Chi-Square analysis) of the ARI scores, all of the test groups exhibited similar 
bracket failure modes (p > 0.05). Regardless of the bond material, bond failure occurred partly at the 
bracket-adhesive (resin) interface but mainly within the adhesive (resin) (score 1, 2 and 3). Enamel 
fractures were not observed in any of the specimens tested. 
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Discussion
Orthodontics has sought reliable bonding 
materials that are able to withstand the chewing 
forces and the forces generated during movement in 
orthodontic treatment and, do not cause any damage 
to the enamel after removal of the orthodontic 
bracket.
The minimum shear bond strength of an 
adhesive should be between 5.9 and 7.9 MPa to 
be considered adequate for clinical needs, and at 
least 4.9 MPa for laboratory studies [20, 21]. When 
the results of this study were compared with these 
reference values, it was found that all materials 
evaluated comply with these values, considering 
both periods.
Besides the bond strength the bonding materials 
used in orthodontics should also have other features 
as good consistency, avoiding the displacement after 
positioning brackets or excesses that interfere with 
the thickness of the base resin, and appropriate 
working time.
Aiming to improve the materials characteristics, 
incorporating new technologies and improving their 
properties, the industry often develops new products 
for bracket bonding. One of the latest introduced 
features was the use of nanofilled resins. These resins 
that present smaller and uniformly distributed filler 
particles, might present greater cohesive strength 
to penetrate into the etched enamel and also in the 
bracket base resin, increasing the bond strength [2, 
10, 17]. However, the results of this study showed a 
significant statistical difference between nanofilled 
low viscosity resins and traditional resins, with 
the nanofilled materials showing lower shear bond 
strength results than traditional resins. Thus, the 
hypothesis that there will be no differences among 
the materials could not be validated. 
Designed for bracket bonding, Transbond XT is 
easily handle, which reduces working time; therefore, 
it has been widely used in clinical routine and also 
in laboratory studies as control group [5, 8, 12, 22, 
28, 29]. Studies have shown similar SBS values of 
this material compared with nano-hybrid composite 
resin, photo- and chemical-cured resins and glass 
ionomer cements used for bracket bonding [5, 7, 8, 
12, 22, 28, 29]. However, in this study, Transbond 
XT showed higher SBS values than the other 
materials. Despite the reduction in the resistance 
of 27.75% after 24 hours, there was no statistical 
difference between the two periods, which is in 
accordance with other studies [5, 8, 28]. 
Regarding the nanofilled resins, it was observed 
that both evaluated materials (Transbond Supreme 
LV and Flow Tain LV) had similar results, showing 
lower SBS values than traditional resins in both 
periods, except from Transbond Plus Color Change 
at 24 hours. Other study also found lower SBS 
values for nanofilled materials [5], however, the 
authors justified the results based on the higher 
viscosity of the nanofilled composite resin. However, 
the nanofilled materials used in this study present 
low viscosity and supposedly should present better 
infiltration in both etched enamel and in bracket 
base. Other studies found similar SBS values of 
nanofilled materials compared to traditional ones 
[13, 27].
The Transbond Plus Color Change showed 
intermediate SBS values at 10 min, lower than 
Transbond XT and higher than nanofilled materials 
[22]. This material was the only one that showed 
significant difference in SBS values at 10 min and 24 
hours, with a decrease of 41.86% in the resistance. 
This resin is a material characterized by its color 
change after curing, which facilitate the removal of 
excesses. According to the manufacturer, it releases 
Figure 1 – Distribution of failure modes, ARI scores (%), found after the SBS test
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fluoride and has hydrophilic characteristics, thus 
allowing its use on wet surfaces or contaminated 
by saliva. According to Tzou and Darrell [25], the 
hydrophilic nature of this resin allows diffusion 
of f luorine through photoactivation crosslinked 
matrix in aqueous medium. That characteristic 
could be related to the reduction in bond strength 
after storage in water.
Another important feature to be observed in 
bonding materials is the type of failure after bracket 
removal. A failure in the adhesive-enamel interface 
(score 0) could result in a greater risk for tooth 
enamel damage [4, 14]. In this study no specimen 
from all groups received an adhesive remnant index 
score of 0, indicating a minimal risk for enamel 
fractures. An adhesive remnant score of 3, failure 
at the bracket-adhesive interface was the most 
frequent score for all groups.
At 10 minutes, Transbond XT showed a 
predominance of scores 1 and 2. For the other 
materials there was a predominance of scores 2 
and 3 (failure at the interface resin/bracket). At 24 
hours, all the materials showed a predominance 
of failure at the bracket-adhesive interface (scores 
2 and 3) [8, 22]. This can be explained by the 
confinement of the resin between the mesh of the 
bracket, causing tensions that weaken this area.
Regarding the post-fixation time, there was no 
statistical significant difference between 10 minutes 
and 24 hours tests, except for Transbond Plus Color 
Change, as observed in other study [21]. Thus, the 
hypothesis that it would be no influence of post-
fixation time on SBS values could partially be 
validated. However, other studies have found greater 
SBS values for groups tested after 24 hours [7, 
16]. This could be related to the materials selected 
in other studies, e.g., glass-ionomer cements and 
resin-modified glass-ionomer cements that reach its 
final resistance after 24 hours. In this study, only 
resin based materials (light or chemically-cured) 
were used, demonstrating that after 10 minutes the 
polymerization of the materials allowed the material 
to reach an adequate resistance to be tested.  
For the Orthodontist, it is important to know 
the materials properties, since these materials must 
maintain orthodontic accessories firmly adhered to 
the teeth during the treatment. As shown in this 
study, many materials of different properties and 
characteristics can be used for bracket bonding. 
However, Transbond XT seems to present some 
advantages, as it showed higher bond strength 
and predominance of score 1 type of failure, which 
would facilitate the removal of the resin remains 
from enamel surface after brackets removal. 
Conclusion
Based on the results of this study, it can be 
concluded that:
• The light-cured traditional resins showed higher 
resistance than the nanofilled materials;
• The period of fixation had no inf luence on 
the resistance for different materials, except for 
Transbond Plus Color Change;
• There was a predominance of failure between 
the bonding material and the bracket base for all 
materials in both periods.
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